Intracellular acidification induced by membrane depolarization in rat hippocampal slices: roles of intracellular Ca2+ and glycolysis.
To elucidate the mechanism of pHi changes induced by membrane depolarization, the variations in pHi and [Ca2+]i induced by a number of depolarizing agents, including high K+, veratridine, N-methyl-D-aspartate (NMDA) and ouabain, were investigated in rat hippocampal slices by the fluorophotometrical technique using BCECF or fura-2. All of these depolarizing agents elicited a decrease in pHi and an elevation of intracellular calcium ([Ca2+]i) in the CA1 pyramidal cell layer. The increases in [Ca2+]i caused by the depolarizing agents almost completely disappeared in the absence of Ca2+ (0 mM Ca2+ with 1 mM EGTA). In Ca2+ free media, pHi acid shifts produced by high K+, veratridine or NMDA were attenuated by 10-25%, and those produced by ouabain decreased by 50%. Glucose-substitution with equimolar amounts of pyruvate suppressed by two-thirds the pHi acid shifts induced by both high K+ and NMDA. Furthermore, lactate contents were significantly increased in hippocampal slices by exposure to high K+, veratridine or NMDA but not by ouabain. These results suggest that the intracellular acidification produced by these depolarizing agents, with the exception of ouabain, is mainly due to lactate accumulation which may occur as a result of accelerated glycolysis mediated by increased Na+-K+ ATPase activity. A Ca2+-dependent process may also contribute to the intracellular acidification induced by membrane depolarization. Since an increase in H+ concentration can attenuate neuronal activity, glycolytic acid production induced by membrane depolarization may contribute to the mechanism that prevents excessive neuronal excitation.